THE study of the diffusibility of blood serum-calcium has been an interesting development in the investigation of calcium metabolism. The finding of Rona and Takahashi [1911], that only a part of the serum-calcium was diffusible through membranes impermeable to protein, has been corroborated by many observers and by various methods. The figures for diffusibility recorded in the literature cover a wide range, but most of them lie between 45 and 70 % of the total serum-calcium. It is generally assumed that the non-diffusible fraction is bound to protein, this being suggested by the removal of a certain fraction of calcium in serum-protein precipitation [Csapo and Faubl, 1924], by the parallelism between the non-diffusible calcium and protein contents of various body fluids [Salvesen and Linder, 1923-24; Liu, 1927], by an apparent binding of a fraction of the calcium when CaCl2 is added to protein solutions, as shown by diffusion experiments [Loeb, 1928; Marrack and Thacker, 1926], and by conductivity titrations when calcium is added to serum solutions [Shear and Offner, 1931]. Furthermore, when the total serum-calcium concentration is increased the non-diffusible fraction also increases [Loeb and Nichols, 1927; Brull, 1930; Smith and Sternberger, 1932; and Benjamin and Hess, 1933] . It is natural to assume that at least a part of this process is due to a further combination of calcium with serum-protein to preserve the equilibrium between protein-bound calcium and calcium ions.
In contrast to the state of serum-calcium, the inorganic phosphate of mammalian serum is generally agreed to be entirely diffusible or almost so [Rona and Takahashi, 1913; Cushny, 1919-20; Neuhausen and Pincus, 1923; Grollman, 1927; Brull, 1930; Greene and Power, 1931; Benjamin and Hess, 1933] . However, the interesting observation was made by Grollman [1927] by ultrafiltration of pig and dog sera that inorganic phosphate gradually becomes non-diffusible as the serum-calcium is raised above the normal level. He suggested the formation of a colloidal complex of Ca3(PO4)2 and protein. This finding has since been corroborated by other observers [Brull, 1930; Benjamin and Hess, 1933; Laskowski, 1933] .
Thus when calcium is added to serum a part of the added calcium becomes non-diffusible. As Laskowski [1933] has stated, this may be accounted for by two different processes-firstly by a combination of calcium with protein (as occurs in phosphate-free protein solutions [Loeb, 1928] ), and secondly by the formation of a calcium phosphate complex with protein (as suggested by the formation of non-diffusible phosphate along with the increase in non-diffusible calcium). The question naturally arises: Do the two processes occur simultaneously, or is the newly formed non-diffusible calcium at first the result of calcium phosphate formation only until all the free phosphate has been combined in this manner, with a secondary binding of calcium by protein if the calcium concentration is sufficiently increased?
The present paper reports a series of in vitro ultrafiltration experiments which indicates the simultaneous occurrence of both processes. Also more direct evidence is presented for the formation of Ca3(PO4)2. Furthermore, by carrying out experiments in which the effect of changes in hydrogen ion concentration on the diffusibility of serum-calcium was studied, the importance of the phosphate factor in such variations is indicated. EXPERIMENTAL METHODS. Blood was obtained from normal dogs by exsanguination under light ether anaesthesia and allowed to clot at room temperature. The serum was separated by centrifuging and was stored in stoppered tubes in the refrigerator, the experiments being carried out within 24 hours after obtaining the blood. The calcium and phosphate concentrations were increased as desired by the addition of small volumes of 10 % CaCJ2 and Na2HPO4 solutions. The latter was brought to pH 7-4 with HCI. Variations in hydrogen ion concentration were made by adding 0*25 ml. of NaOH or HCI of suitable strengths to 10 ml. samples of serum. An equivalent volume of saline was added to the control sample in each experiment. Such additions increased the volume of the normal serum by from 1 to 5 %. 5 ml. samples of serum were ultrafiltered through collodion sacs impermeable to protein at 150 mm. Hg pressure by the method of Greenberg and Gunther with minor modifications as previously described [Smith and Sternberger, 1932] . Calcium was determined by the Clark-Collip [1925] modification of the Kramer-Tisdall method, allowing at least 2 hours for the precipitation of calcium oxalate, inorganic phosphate by the method of Fiske and Subbarow [1925] , and PH by the colorimetric method of Hastings and Sendroy [1924] .
Hydrogen ion concentration experiments were unsatisfactory to some degree in that the PH of the residue and usually of the ultrafiltrate rose above that of the original serum during ultrafiltration, presumably owing to a loss of CO2. This was not avoided by connecting the collodion sacs to flasks containing NaHCO3 in buffer solutions of the desired p11 as suggested by Greenberg and Gunther (5) (6) (
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mg. Ca:P (8) (with one exception which will be mentioned later) is higher than the ratio in such calcium phosphates as CaHPO4 (Ca: P= 1-3) or Ca3(PO4)2 (Ca: P= 1-9). This of course is to be expected, if a combination with protein is responsible for a part of the increase in non-diffusible calcium. The results show further that the two processes occur simultaneously, i.e. the phosphate gradually becomes non-diffusible as the calcium concentration is increased, suggesting a combination of calcium and phosphate, yet the Ca: P ratio of the increase in non-diffusible compounds remains between 3 and 4 throughout, indicating, both with small and large increases in calcium concentration, some other combination-presumably with protein. In most cases there is some increase in the ratio with higher calcium concentrations, but even above 100 mg. per 100 ml. as in Exps. VII, VIII and IX this increase is not marked. Thus it is evident that when the greater part of the phosphate has become combined, the calciumcombining power of the protein is also approaching exhaustion.
In the results of Table I there is nothing to suggest the type of calcium phosphate formed apart from its non-diffusibility. However, in (1) NonDiffu-diffuTotal sible sible mg. mg. mg.
(5) (6) Table I in which the serum-inorganic phosphate of this particular dog was definitely higher than that usually found. In this case the added calcium was sufficient to depress the diffusible phosphate only from 11-6 to 7-6 mg. per 100 ml., the latter figure still being a moderately high normal value. The Ca: P ratio of the increase in non-diffusible fractions was 1-9 as in those experiments in which phosphate was actually added to the serum. Greenberg and Gunther [1929-30] have reported that no change in diffusibility occurs between PH 7 and 8. Similarly Meysenbug et al. [1921] found no change betwen PH 7 0 and 7-6. More recently Dillman and Visscher [1933] have reviewed the literature on this subject and have reported results contrary to the above findings. The serumcalcium diffusibility at PH 7 0 (59 %) differed quite markedly from that at PH 7-6 (45 %). Table III records the results of a series of ultrafiltration experi- It was conceivable that the part played by calcium phosphate in the forma. tion of non-diffusible calcium in hypercalcaemia might also be a factor in calcium diffusibility changes with variations in hydrogen ion concentration. In titration curves of H3PO4 with Ca(OH)2, presented by Holt et al. [1925] , Ca3(PO4)2 was precipitated at pH 5-6. The point of precipitation was definitely changed by the presence of other ions, occurring at a slightly higher PH when the titration was carried out with Ca(OH)2 in 0 1M NaCl, and at PH 6-5-7-5 with Ca(OH)2 in 0*1M MgSO4. In blood-serum, Ca3 (P04) [Loeb, 1928] . Thus, variations in pH in the former range would be expected to have a much greater effect on the diffusibility of calcium in hypercalcaemia if a considerable part of the non-diffusible calcium were due to phosphate, than in normal serum where the non-diffusible calcium is bound only to protein. This supposition was tested experimentally, the results being recorded in Table IV . Here, as predicted, calcium diffusibility is affected to a much greater 
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2-3 7-7 2-5 7-3 2-1 7-5 1-9 7.5 Greenberg and Gunther have expressed the protein-bound calcium as a function of the protein and ionic calcium concentrations. It must be recognised that this applies only to protein-bound calcium and not necessarily to the total non-diffusible calcium. As these authors state, according to the equation presented, even when the ionic calcium approaches infinity the proteinbound calcium becomes only of the same order as the total calcium of bloodserum. In a number of experiments of the present study the non-diffusible caJcium rises much beyond this level, explicable, of course, by the fact that a considerable part of it is due to calcium phosphate formation.
